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Photoluminescence and stimulated emission ~SE! in a wurtzite GaN bulk crystal and InxGa12xN/GaN
multiple quantum wells ~MQW’s! are investigated under uniaxial stress applied perpendicularly to the c axis.
The strain in GaN induces a decrease in the photoluminescence intensity of B excitons relative to A excitons
due to an increase in the energy splitting between the two states. In InxGa12xN/GaN MQW’s, SE and optical
gain in the localized states are observed at 6 K under low excitation power below the Mott density of excitons.
The uniaxial stress induces a low-energy shift of the gain peak and a decrease in the threshold carrier density
of SE. In the excitation power above the Mott density, the SE arises from an electron-hole plasma recombi-
nation. The gain value at 0.43 GPa is 1.34 times as large as that without stress at 6 K, which is comparable with
a theoretical estimation. The observed effects of strain are ascribed to a decrease in the density of states at the
valance-band maximum.
DOI: 10.1103/PhysRevB.68.035328 PACS number~s!: 78.45.1h, 78.55.Cr, 71.70.Fk, 81.05.Ea
I. INTRODUCTION
III-V compounds have been widely utilized for materials
of semiconductor light emitting diodes ~LED’s! or laser di-
odes ~LD’s!. The mixed crystals based on GaAs have been
used for lasers in the region from infrared to visible light.1–3
In recent years, III-V nitride compounds based on GaN have
attracted attention for materials emitting blue to ultraviolet
light.4–9 However, it has been pointed out that high carrier
density is required to generate the optical gain compared
with the GaAs family.10,11 This is due to the large effective
masses in both conduction and valence bands of GaN; the
strong electron affinity and the weak spin-orbit coupling of
nitrogen atoms yield large electron and hole effective
masses. The high density of states due to the heavy masses
requires high carrier density to achieve the population
inversion.12
Suzuki and Uenoyama investigated electronic band struc-
tures with the derivation of effective-mass parameters from
first-principles calculations for zinc-blende GaN as well as
for wurtzite GaN and AlN.13–15 They investigated the strain
effect on wurtzite and zinc-blende GaN/AlGaN quantum
wells whose valence-subband structures were studied using
the kp method.16–20 It was shown that a biaxial strain is not
so effective for the reduction of threshold carrier density to
generate stimulated emission ~SE! in wurtzite wells, while it
reduces the threshold density in zinc-blende wells. On the
contrary, a uniaxial strain into the c plane of wurtzite wells is
useful for reducing the threshold carrier density of SE.
In wurtzite GaN, the valence band near the G point splits
into two states by the crystal field. One of them is of G1
symmetry and the other of G6 symmetry, and the latter fur-
ther splits into two states due to spin-orbit interaction.13–16
The former state is called the C band (G7) and the latter two
states are called the A band (G7) and B band (G9). The
energy of the A band is slightly higher than that of the B
band, and that of the C band is low compared with the A and
B bands. Three kinds of excitons called A, B, and C excitons
are formed corresponding to each valence band. A uniaxial
stress introduced perpendicularly to the c axis gives rise to
the structural change of crystal from C6 to C2. This change
increases the energy splitting between the A and B bands and
induces a decrease in the density of states at the G point.18–20
Yamaguchi it et al. measured the dependence of the reflec-
tance spectrum on the uniaxial stress in bulk wurtzite GaN
and showed that the energy splitting between A and B exci-
tons increases with uniaxial stress applied in the c plane.21
Suzuki and Uenoyama also calculated the influence of
uniaxial strain on the optical gain in wurtzite GaN.18–20 They
concluded that the optical gain increases with strain due to
the decrease in the density of states and that the effect is
remarkable in GaN/AlGaN quantum wells. Domen et al. also
reported a similar result.22 However, experimental studies of
the strain effect on the photoluminescence ~PL! and optical
gain have not been reported so far.
Quantum wells using mixed crystals of InGaN for the
active layers have been attracting much attention for practi-
cal fabrication of bluish light-emitting devices. This is owing
to the tunability of the wavelength with In content and the
high quantum efficiency by virtue of carrier localization. The
PL at low temperatures with low excitation density is char-
acterized by the localization effect peculiar to mixed crystals
as well as by the Stark effect due to quantum well
structures.23–28 Efforts have been devoted to clarify the
mechanism of SE. It has been demonstrated that the SE at
low temperatures arises from the localized exciton ~LE!
PL.24,29 It was also reported that a recombination of e-h
plasma contributes to SE at room temperature.30,31 It is sup-
posed that, in spite of the localization effect in the mixed
crystal, the nature of the electronic structure of GaN is es-
sentially maintained as far as the In content is not so high. In
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fact, a strong transverse electric polarization was observed in
the SE arising from the polarization selection rule of the A
exciton in InGaN multiple quantum wells ~MQW’s!.30
Therefore, it is expected that the effect of strain on the band
structure would appear on the PL and optical gain in InGaN
systems.
In this paper, we investigate the stress dependence of the
exciton luminescence in a GaN crystal and of the SE and
optical gain in InGaN/GaN MQW’s. The effect of stress is
compared for the cases of low and high carrier densities. The
stress effect on the SE at room temperature is also observed
in InGaN/GaN MQW’s.
II. EXPERIMENTAL PROCEDURE
The samples were grown by low-pressure ~300 Torr! met-
alorganic vapor phase epitaxy ~MOVPE! on a ~0001!-
oriented sapphire substrate. Here 1.0-mm-thick undoped-
GaN epilayers were grown using a 40-nm-thick low-
temperature GaN buffer layer. InGaN/GaN MQW’s were
grown on the GaN epilayer with a 15-nm-thick GaN capping
layer. The MQW’s are constructed of five periods of 2.5-nm-
thick undoped-InGaN active layers with 7.5-nm-thick GaN
barrier layers. The indium content of InGaN wells is 10%.
PL in a GaN bulk crystal was measured with a He-Cd
laser for the excitation, which was incident almost normal to
the c surface of the sample and focused in the shape of spot.
SE was measured with a N2 laser, which was incident normal
to the c surface and focused in the shape of a transverse
stripe using a cylindrical lens to amplify the SE. As the de-
tector, a monochromator equipped with an optical multichan-
nel analyzer was set in the direction perpendicular to the c
axis to catch the amplified SE. Optical gain was obtained
from the SE spectra measured with varying the stripe length
with a mask in front of the sample. The cavity effect was
negligible in this configuration.
Compressive uniaxial stress was introduced to the sample
by a spring-loaded stress system mounted in a He-flow-type
cryostat. It was directed perpendicular to the c axis and was
also perpendicular to the direction of light output propagat-
ing into the detector. The value of stress was monitored with
a strain-gauge transducer inserted in the system.
III. RESULTS AND DISCUSSION
A. Stress effect on exciton luminescence in GaN
Figure 1 shows the uniaxial stress dependence of the PL
spectrum in a GaN bulk crystal. The temperature was set to
50 K to make the A- and B-exciton PL bands clear by reduc-
ing the bound exciton luminescence which is dominant be-
low 50 K. The values of uniaxial stress are displayed at the
right side of the spectra. Dotted lines correspond to the peak
energies of A-exciton PL (EA) and B-exciton PL (EB) which
were determined from the decomposition of spectra with two
Lorentzian functions. Though the Lorentzian function might
not be exact enough for the exciton PL spectra, the obtained
A- and B-exciton energies are coincident with those obtained
from the reflection spectra measured under the same stress
and also with those reported by Yamaguchi et al.21 EA is
almost unchanged, while EB shifts to higher energy as the
stress is increased. It is clear that distortion of the c plane
leads to an increase in the splitting between EA and
EB (EAB).
The solid squares in Fig. 2 show the PL intensity of B
excitons relative to that of A excitons, IB /IA , derived from
the integrated intensities of two Lorentzians fitted to the
spectrum in Fig. 1. The abscissa shows the uniaxial stress
applied to the sample. The relative intensity decreases mono-
tonically against the stress. If thermal equilibrium is estab-
lished and the probability distribution of excitons follows the
Boltzmann distribution, the ratio of B-exciton density (nB) to
A-exciton density (nA) decreases as
nB5nAexp~2EAB /kBT !, ~1!
FIG. 1. Uniaxial stress dependence of the PL spectrum at 50 K
in GaN. The dotted lines correspond to the peak energies of
A-exciton (EA) and B-exciton (EB) PL bands.
FIG. 2. Intensity of B-exciton PL relative to that of A-exciton PL
of GaN (IB /IA) at 50 K plotted against the stress ~solid squares!.
Open triangles are the calculated one with EAB ~S! in Fig. 1.
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where kB and T are Boltzmann constant and temperature,
respectively. EAB can be expressed as a function of stress
(S), and the stress dependence of IB /IA is given by
IB /IA5a exp~2EAB~S !/kBT !, ~2!
where a is a fitting parameter. The experimental result can be
approximated by Eq. ~2! using EAB ~S! derived from Fig. 1,
as shown by open triangles in Fig. 2. The observed change in
the PL spectrum with the application of stress can be as-
cribed to a population change in A and B excitons.
B. Stress effect on stimulated emission in InGaNÕGaN MQW’s
The excitation power dependence of PL spectrum in
In0.1Ga0.9N/GaN MQW’s was measured at 6 K with tuning
the power between 4.25 kW/cm2 and 704 kW/cm2. The es-
timated sheet carrier density ~SCD! is between 4.8
31010 cm22 and 8.031012 cm22 with the assumption that
the exciton lifetime is 100 ps and the absorption coefficient
at the excitation photon energy is the same as that in GaN
(1.03105 cm21).32 Several spectra ~from 26.2 kW/cm2 to
109 kW/cm2) are displayed in Fig. 3 to emphasize the tran-
sition of the spectral feature. The results under uniaxial stress
of 0 GPa, 0.22 GPa, and 0.43 GPa are shown in ~a!, ~b!, and
~c!, respectively. The peak intensity of each spectrum for the
lowest excitation power (26.2 kW/cm2) is set to unity. The
shapes of the spectra for 26.2 kW/cm2 in ~a!, ~b!, and ~c! are
almost the same in the region below the peak energy. How-
ever, the width of the higher-energy side of the spectrum
decreases with increasing stress. The transverse arrows indi-
cate the width at half maximum, and the values are 23.2
meV, 22.0 meV, and 20.8 meV in ~a!, ~b!, and ~c!, respec-
tively. The PL with a single broadband is LE-PL, which con-
tains components corresponding to A- and B-exciton PL in
GaN. The reduction of the width in the high-energy side is
attributed to a decrease in the component of B excitons rela-
tive to that of A excitons similar to the case for GaN in the
previous section.
In Fig. 3~a!, the spectrum has the shape of a broadband
under excitation power from 26.2 kW/cm2 to 46.8 kW/cm2.
Above 61.8 kW/cm2 ~SCD of 7.031011 cm22), a sharp
nonlinear component corresponding to SE appears at the
high-energy side of the band. The results with a uniaxial
stress @~b! and ~c!# are the same as that in ~a! in the point that
the spectral feature changes from LE-PL to SE with the ex-
citation power. However, the intensity of SE increases with
stress for each excitation power; in the spectra for
46.8 kW/cm2 ~SCD of 5.331011 cm22) shown by the thick
lines, SE appears in ~c! while not in ~a!. It is clear that the
application of stress gives rise to a reduction of the SE
threshold. In this power range, the peak energy of SE does
not change with the excitation power and is below the mo-
bility edge. Each downward arrow shows the energy position
of the mobility edge, which was obtained from the depen-
dence of the peak energy of PL spectrum on the excitation
photon energy; the peak energy moves when the excitation
energy is tuned below the mobility edge.23,24 The relation
between the mobility edge and the peak energy of SE will be
discussed in the following section.
Figure 4 shows the excitation power dependence of the
peak intensity of spectra in Fig. 3. Logarithmic scales are
used for both axes. Solid and open circles correspond to the
results for a uniaxial stress of 0 GPa and 0.43 GPa, respec-
tively. The dependence in each case is described with two
lines as shown by thin and thick lines. In the region of low
excitation power, the LE-PL is dominant and the peak inten-
sities are proportional to P0.63 for 0 GPa and P0.72 for 0.43
GPa. Above 88 kW/cm2 (1.031012 cm22) for 0 GPa and
48 kW/cm2 (5.431011 cm22) for 0.43 GPa, due to the gen-
eration of SE, the peak intensities are proportional to P1.9
and P2.1, respectively. The excitation power at the intersec-
tion point of thin and thick lines, Ps , can be taken as the
power at which the spectrum changes from LE-PL to SE.
FIG. 3. PL spectra in In0.1Ga0.9N/GaN MQW’s measured at 6 K
under uniaxial stress of 0 GPa ~a!, 0.22 GPa ~b!, and 0.43 GPa ~c!.
The spectra for the excitation powers from 26.2 kW/cm2 to
109 kW/cm2 are displayed. The peak intensities for 26.2 kW/cm2
are set to unity. Each downward arrow indicates the energy position
of the mobility edge.
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Figure 5 shows the Ps plotted against the uniaxial stress. Ps
reduces as the uniaxial stress increases; the Ps at 0.43 GPa is
55% of that at 0 GPa.
In quantum well structures of wurtzite materials, a biaxial
strain is known to occur in the active layer due to the differ-
ence of lattice constants between well and barrier layers, and
the strain gives rise to a piezoelectric field.25,27,28 This effect
influences the PL characters such as the energy position and
decay time, but the field is screened with increasing the den-
sity of photoexcited carriers. Takeuchi et al. showed that the
lattice constant of underlying GaN layer is maintained in
In0.13Ga0.87N even with the well thickness up to 40 nm.25
According to their result, the compression in the c plane of
active layers in the present sample, In0.1Ga0.9N/GaN, is esti-
mated to be 1.13%. The estimated biaxial stress and piezo-
electric field are 5.26 GPa and 8.133105 V/cm, respectively.
Kuokstis et al. showed that the piezoelectric field of active
layers in In0.15Ga0.85N/GaN with well thickness of 4 nm is
completely canceled by the screening effect due to carriers
excited by the N2 laser with 20 kW/cm2.28 Since the In con-
tent and well thickness in our sample are both lower than this
case, the Stark effect should be weaker.25,27 Application of
uniaxial stress also induces a piezoelectric field along the c
axis, which is estimated to be 7.283104 V/cm2 for 0.43 GPa
as much as 9% of the background one. It may be clear from
these estimates that each excitation power in Fig. 3 is enough
to cancel the piezoelectric effect.
The stress effect observed here could be attributed to a
change of valence-band structure similar to the case of GaN.
The density of states at the valence-band maximum is re-
duced due to the increase in the energy splitting between A
and B bands, and the SCD necessary to the population inver-
sion becomes lower. As the result, the threshold SCD of SE
decreases.
C. Optical gain without stress in InGaNÕGaN MQW’s
To examine the change of SE efficiency, a measurement
of optical gain is required. The gain value g is available
using the relation for amplified spontaneous emission mea-
sured with the variable-stripe method,
I5
I0
g $exp~gl !21%, ~3!
where l stands for the stripe length and I0 and I for the
intensities of spontaneous emission and amplified spontane-
ous emission, respectively.31,33,34 At the long stripe length,
however, I does not obey Eq. ~3! due to the saturation effect,
and the difference between Eq. ~3! and experimental results
increases with the stripe length. We use the following rela-
tion in which a saturation term in proportion to I is added to
Eq. ~3!:
gl5aI1logS gI0 I11 D , ~4!
where a stands for the saturation parameter.33
PL spectra in In0.1Ga0.9N/GaN MQW’s were measured at
6 K with changing the stripe length from 6.7 mm to 1.2 mm.
Optical gain is obtained from Eq. ~4! by fitting the PL inten-
sities against the stripe length. The gain values are plotted by
solid circles in Fig. 6. Some PL spectra are shown by solid
curves for reference. The vertical dotted lines stand for the
mobility edge shown in Fig. 3. The excitation power in ~a! is
91.4 kW/cm2, and that in ~b! is 1.84 MW/cm2. As men-
tioned in the previous section, the Stark effect due to the
background piezoelectric field must be negligible under these
excitation powers. Equation ~4! was able to apply up to 1.2
mm of the stripe length in ~a!, while was to 0.1 mm in the
case of ~b!. Above these lengths, the saturation effect was too
large to be approximated by Eq. ~4!. In ~a!, PL with a single
band is observed for the shortest stripe length ~0.10 mm!.
The structure corresponding to SE appears above 0.49 mm
and increases with stripe length at the high-energy side of
PL, and a positive optical gain is observed at the energy of
SE. The peak energy of the gain is 3.152 eV, which is lower
FIG. 4. Peak intensity of the PL spectrum in Fig. 3 plotted
against the excitation power. Solid and open circles correspond to
results under a uniaxial stress of 0 GPa and 0.43 GPa, respectively.
FIG. 5. Excitation power at the intersection of thin and thick
lines in Fig. 4 (Ps) plotted against the stress.
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than the mobility edge. The SCD is estimated to be 1.0
31012 cm22. Since the density is lower than the two-
dimensional Mott-threshold density of excitons, 9.8
31012 cm22, an e-h plasma may not be generated as far as
the uniform carrier distribution is assumed.29 Satake et al.
observed a SE in InGaN MQW’s using time-resolved pump-
probe measurements with excitation power below the thresh-
old of e-h plasma and showed that e-h pairs excited in de-
localized states relax into localized states, in which excitons
are formed in a few picoseconds.29 They concluded that op-
tical gain is possible in terms of the SE process in the local-
ized states due to the rapid relaxation. The result in Fig. 6~a!
indicates that the SE process takes place in the localized
states.
The peak of gain as well as of SE, which lies below the
mobility edge in ~a!, shifts to higher energy with excitation
power. The shift is ascribed to an increase in energy at which
effective population inversion is achieved due to band filling
of the localized states. The peak energy becomes constant
when it reaches above the mobility edge. This suggests that
the average SCD exceeds the total density of localized states
and population inversion is achieved in delocalized states
with large state density. In order to get SE in the delocalized
states, the SCD should be larger than the two-dimensional
Mott density of excitons; in the SCD higher than the thresh-
old density of e-h plasma (9.831012 cm22) the recombina-
tion of e-h plasma takes place and contributes to SE. In fact,
in Fig. 6~b! the peak energy of SE is higher than the mobility
edge. The estimated SCD is 2.131013 cm22, which is higher
than the threshold density of e-h plasma. Choi et al. studied
carrier dynamics in InGaN thin film at 10 K using nondegen-
erate pump-probe spectroscopy and time-resolved PL and
showed that SE occurs by the recombination of an e-h
plasma from renormalized band-to-band transitions when the
carrier density is higher than the total density of localized
states.35 The result in Fig. 6~b! indicates that e-h plasma
recombination is the dominant process of SE when the SCD
is above the threshold density.
However, the distinction between SE from PL of the lo-
calized states and that from e-h plasma recombination may
not be clear. The localized state with energy close to the
mobility edge is shallow and hence the size of the potential
well is possibly large enough to contain more than one exci-
ton. SE in these states could be the recombination of e-h
plasma in the weak localized state as suggested by various
authors.26
D. Optical gain with uniaxial stress in InGaNÕGaN MQW’s
Figure 7 shows PL and gain spectra measured under a
uniaxial stress of 0.43 GPa. The gain values are plotted by
solid circles, and several PL spectra are shown by thick solid
curves. The gain without stress in Fig. 6 is displayed again
by small open circles. The excitation powers are
91.4 kW/cm2 in ~a! and 1.84 MW/cm2 in ~b!, the same as
those in Fig. 6. In Fig. 7~a!, for the case of low excitation
power, the SCD is lower than the threshold density of e-h
plasma and the gain peak is below the mobility edge. It is
certain that SE is generated in the localized states, the same
as in Fig. 6~a!. It is found that the peak energy of gain as well
as of SE shifts to 3.137 eV from that without stress ~3.152
eV!. This indicates that population inversion is attainable in
the lower-energy states compared with the case without
stress. The energy of SE in the tail states is governed by the
relaxation time and density of states of localized excitons,
both of which vary with energy. The stress-induced change
in the density of states of each localized state may give rise
to an apparent shift of the SE peak. The intensity of SE is
enhanced by the applied stress as clearly seen in the spectra
shown in Fig. 3. It seems that the low-energy shift of SE
under stress improves the SE threshold. However, the change
in the peak value of gain, 9.90 cm21 in Fig. 6~a! and
11.0 cm21 in Fig. 7~a!, is marginal. These small values of
gain are due to low excitation power which forces to a long
stripe length and large saturation effect in deducing the gain
value.
In Fig. 7~b!, the peak energy of gain is 3.174 eV, almost
the same as that in Fig. 6~b! ~see open circles! and is higher
than the mobility edge. It is certain that e-h plasma recom-
bination is the dominant process of SE under the SCD of
2.131013 cm22. The maximum gain value is 205 cm21,
FIG. 6. PL and gain spectra measured with the variable-stripe
method at 6 K in In0.1Ga0.9N/GaN MQW’s. Solid lines show the PL
spectra for various stripe lengths, and solid circles show the gain
spectrum. Vertical dotted lines show the mobility edge. The excita-
tion power is 91.4 kW/cm2 in ~a! and is 1.84 MW/cm2 in ~b!.
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which is 1.34 times as large as that in Fig. 6~b! (153 cm21).
Suzuki and Uenoyama calculated the strain effect on the op-
tical gain of wurtzite GaN/Al0.2Ga0.8N quantum wells.18–20
According to their calculation, the maximum gain is found to
be 1.7 times as large as that without strain for SCD of 2.1
31013 cm22 under the condition of 1% compressive
uniaxial strain introduced to the sample with the same geom-
etry as the present experiment. The estimated value of the
compression in the present experiment with a uniaxial stress
of 0.43 GPa is 0.30%. The increase in gain with the uni-
axial stress in Fig. 7~b! is comparable with the theoretical
estimation.
It is to be noted that there is a background strain, on
which c surface is compressed of 1.13% biaxially as men-
tioned above. From the calculation in wurtzite
GaN/Al0.2Ga0.8N quantum wells by Suzuki and Uenoyama,
the maximum gain under a biaxial strain of 0.5% is found to
be 1.1 times as large as that without strain for SCD of 2.1
31013 cm22.18–20 According to them, the gain may be in-
creased in the order of 10% by the effect of background
strain even without uniaxial strain.
It is concluded that uniaxial stress leads to an increase in
the optical gain; the decrease in the threshold carrier density
of SE in InGaN/GaN MQW’s in both the LE state and the
e-h plasma. This is ascribed to a decrease in the density of
states at the valence-band top induced by the uniaxial stress.
E. Result at room temperature
The PL spectrum of In0.1Ga0.9N/GaN MQW’s at room
temperature ~RT! has a peak at 3.11 eV, a little lower than
that at 6 K, and the bandwidth is about 2.5 times broader.
The SE peak grows at 3.12 eV with increasing excitation
power. Figure 8 shows the excitation power dependence of
the peak intensity of PL spectrum at RT. The experimental
configurations are the same as those in Fig. 4. The value of
FIG. 9. Excitation power at the intersection of thin and thick
lines in Fig. 8 (Ps) plotted against stress.
FIG. 7. PL and gain spectra measured under the uniaxial stress
of 0.43 GPa at 6 K in In0.1Ga0.9N/GaN MQW’s. Solid lines, solid
circles, and vertical dotted lines show the PL spectra for various
stripe lengths, gain spectrum, and mobility edge, respectively. The
excitation power is 91.4 kW/cm2 in ~a! and is 1.84 MW/cm2 in ~b!.
The gain spectra shown in Fig. 6 are displayed by small open
circles for comparison.
FIG. 8. Peak intensity of PL spectrum at room temperature in
In0.1Ga0.9N/GaN MQW’s plotted against excitation power. Solid
and open circles correspond to the results under a uniaxial stress of
0 GPa and 0.48 GPa, respectively.
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Ps for 0 GPa is about 1.3 times higher than that at 6 K. The
increase in the SE threshold is not so large in spite that the
PL efficiency decreases to about an order of magnitude, simi-
lar to the results already reported.24 The excitation power in
which the spectrum changes from LE-PL to SE is clearly
reduced by the introduction of uniaxial stress similar to Fig.
4. Figure 9 shows the stress dependence of Ps . The critical
power value decreases monotonically as the stress increases
similar to Fig. 5. The Ps for 0.48 GPa in Fig. 9 decreases to
55% of that for 0 GPa. The efficiency of reduction in the
threshold carrier density of SE at RT is almost the same as
that at 6 K. Satake et al. reported from a pump-probe experi-
ment that the SE mechanism at RT is the same as that at 2 K;
namely, the PL from the localized excitons ~localized carri-
ers! contributes to SE.29 The peak energy of SE did not show
the high-energy shift with the increase in the SCD as ob-
served at 6 K. The distinction between localized and delocal-
ized states may not be clear due to the thermalization effect.
Though the gain values were difficult to obtain due to the
high saturation effect at RT, the present result tells us that the
advantage brought by the application of uniaxial stress is
expected not only at low temperatures but at RT where de-
vice applications are attempted.
IV. SUMMARY
The dependence of the PL spectrum on uniaxial stress in a
GaN bulk crystal shows that the energy splitting between A
and B excitons increases and the PL intensity of B excitons
relative to that of A excitons decreases with increasing stress.
The carrier density necessary for SE to appear in InGaN/
GaN MQW’s is reduced by the uniaxial stress at both 6 K
and RT. From the measurement of optical gain, it is found
that SE is generated in localized states in low excitation
power and from e-h plasma recombination in higher excita-
tion power above the Mott density. In the latter case, the
maximum gain value at 0.43 GPa stress is 1.34 times as large
as that without stress and the increasing rate is consistent
with a theoretical estimation. A favorable effect of stress is
observed also at RT.
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